Introduction: Primary cardiac tumors are rare in the fetal and neonatal period (0.0017-0.28%), but considerably more frequent than the metastatic ones; most of them are benign. The objective of this study was to analyze the clinical and echocardiographic features of cardiac tumors during the neonatal period.
to the metastatic tumors, the primary ones are more frequent and most of them are benign. The most common types of heart tumors diagnosed in children are rhabdomyoma, teratoma and fibroma. 3, 4 The diagnosis can be established during fetal or post natal life. Most fetal cardiac tumors are detectable in the late second or third trimester. 3 In postnatal life, the mani fes tations of a cardiac tumor will vary according to its size and location. A large tumor may determine a compression of cardiac chambers or vital structures, leading to arrhythmias and obstruction of cardiac valves and subsequent obstruction of the tracts. 5 The objective of this study was to analyze the clinical and echocardiographic features of cardiac tumors in the neonatal period.
MATERIAlS ANd METhodS
This is a retrospective study that assessed the development of newborns diagnosed with cardiac tumors.
We present five newborns with cardiac tumors diagnosed by echocardiography in the Neonatology Department of Obstetrics and Gynecology I Clinic ClujNapoca and eva luated in the Cardiology Institute in ClujNapoca between 2007 and 2012. During this period, there were 13,363 newborns in the institution.
All subjects had a clinical evaluation that included physical examination, echocardiography, electrocardiography and a chest Xray.
RESulTS
Detailed demographic and clinical data of studied newborns are shown in Table 1 .
Case 1 was a fullterm male newborn, delivered by cesarean section, with a birth weight of 4100 gm and an Apgar score of 9/10. The course of pregnancy was uneventful till the third trimester, when a tumor of the left ventricle, possibly rhabdomyoma, was visualized by ultrasound. Post natal adaptation was without incidents. Postnatal echo cardiography confirmed the presence of a mass in the left ventricle, with a diameter of 11/17.4 mm ( Fig. 1 ), attached to the lateral wall and with a large implantation base, which seemed to cover the papillary muscle. The diagnosis was rhabdomyoma (Fig. 2) . The patient did not present any skin lesion, arrhythmias or neurological abnormalities and was clinically and hemodynamically stable during monitoring. The abdominal and transfontanellar ultrasound showed no pathological elements. Subsequently, at the ages of 1 and 5 months, the patient was clinically and hemodynamically stable. At 1 month, no echocardiographic changes were observed; the tumor diameter was similar to that measured during the first examination (10/17.5 mm) ( Fig. 3 ). At the age of 5 months, the size of the left ventricular tumor decreased to a diameter of 8/10 mm ( Fig. 4 ). The tumor continued to decrease in size during the 4 years of followup.
Case 2 was a fullterm female newborn, delivered in a local hospital with a birth weight of 3000 g and an Apgar score of 9/10. The baby girl had a family history (from the mother's side) of epilepsy, treated with carbamazepine, operated cleft lip and palate and mental retardation. At the age of 9 days, she was transferred to the Neonatology Department in ClujNapoca, with the suspicion of a con genital heart disease. At admission, the baby presented respi ratory distress, cyanosis, grade II systolic murmur and hepatosplenomegaly. The laboratory tests showed high levels of cytolytic enzymes and severe thrombocytopenia and anemia, which were treated with red blood cell concen trate and platelet transfusions. During the echocardiographic examination, multiple tumors in the right ventricle were observed, with diameters of approximately 7 mm obstructing the outflow tract. One Echocardiography-broad base of implantation that seems to cover the papillary muscle tumors of 6/7 mm were attached to the second portion of the interventricular septum and under the mitral valve ( Fig. 6 ). These echocardiographic changes were suggestive for tuberous sclerosis (Fig. 7 ). Transfontanellar echography showed multiple nodular formations and ventriculomegaly ( Fig. 8 ). For a complete evaluation, thoracic, abdominal and cranial magnetic resonance imaging (MRI) was performed. The cranial MRI showed multiple bilateral nodular forma tions with diameters between 0.5 and 2 cm, located peri and intraventricularly, also suggestive for tuberous sclerosis. Because of multiple organ failure and severe anemia and thrombocytopenia, surgical intervention was contra indicated.
The evolution was unfavorable, the infant died within a few days of hospitalization. Anatomopathological exami nation confirmed tuberous sclerosis located in the heart and brain ( Fig. 9 ).
Case 3 was a fullterm newborn with prenatal diag nosis of a unique tumor of the left ventricle, possibly rhabdo myo ma. Postnatally, the infant was hemodynamically stable, with no signs of neurological and skin abnormalities; echo cardio graphy showed a unique tumor of 14/11.5 mm of the left ventricle, probably rhabdomyoma ( Fig. 10 ). Abdo minal and transfontanellar ultrasonography were normal for his age. Further development after discharge from the hospital is unknown because he was followed in a different medical department.
Case 4 was a newborn girl, delivered by cesarean section with an Apgar score of 6/8, after a physiological pregnancy. Postnatally, she presented cyanosis, grade IV systolic murmur and signs of respiratory distress. At 6 hours of age, she was transferred to the Neonatology Department in Cluj Napoca. On admission, she presented with cyanosis, oxygen satu ration was 85% (increased to 92% after oxygen therapy), signs of respiratory distress, blood pressure appropriate for the age, without significant differences between the four limbs. The laboratory tests showed leukocytosis (36.6 × 10 9 /L) and a pH of 7.34.
Echocardiography showed signs of pulmonary hyper tension, with right to left shunt through the foramen ovale, small patent arterial duct, grade III tricuspid insufficiency and a 4/7 mm tumor attached to the atrial side of the tricuspid valve, most likely a fibroelastoma (Fig. 11) .
Considering the signs of pulmonary hypertension (Fig. 12 ), treatment with Sildenafil and oxygen were ini tiated. After 6 days of treatment, the clinical evolution was favorable and echocardiography showed normal pressures in the pulmonary circulation, with little left to right shunting through the foramen ovale, grade III tricuspid insufficiency; the tumor attached to the tricuspid valve had characteristics of the tumors, with a size of 6/10 mm, was attached to the interventricular septum, in the ejection route of the left ventricle, and was causing severe obstruction with a maximum gradient of 80 mm Hg (Fig. 5) . Two other similar to those described at admission (Fig. 13 ). The patient was monitored in the department of neonatology until the age of 1 year and later in the cardiology outpatient clinic. During monitoring, the child remained hemodynamically stable.
Case 5 was a newborn from a mother with highrisk pregnancy due to an uncontrolled type 1 diabetes, previously incorrectly monitored. The infant was the sixth child. The newborn was delivered in cranial presentation, with a DSJUOG Fig. 12 : Echocardiography-signs of pulmonary hypertension The evolution was favorable and stable. The echocardio graphy revealed a hyperechoic, immobile tumor of 4 to 8 mm in the right atrium near the inferior vena cava, which was not obstructed. Hemangioma was suspected ( Fig. 14) . Further development after discharge is unknown because he did not attend any of his followup appointments.
dISCuSSIoN
Within 6 years, five cases of congenital cardiac tumors were diagnosed, two of them were rhabdomyomas.
Rhabdomyoma is the most common cardiac tumor diagnosed in childhood and represents more than 60% of all cardiac tumors. 6 It presents as white, firm, wellcircum scribed nodule, usually in the ventricular myocardium. In most cases, they are asymptomatic, except when the size compromises the hemodynamic or electrical function of the heart. 7 The tumor may be discovered incidentally during echocardiography.
Only in two of the five presented cases, the diagnosis was made in utero. Prenatal echocardiography may detect rhabdomyomas in fetuses with tuberous sclerosis and provide important information for parents and healthcare providers. Additionally, genetic counseling is recommended for parents of patients with cardiac tumors.
In our cases, the clinical and echocardiographic appea rance of a single tumor in the left ventricle in two patients (cases 1 and 3) was suggestive of rhabdomyoma. The presence of other tumors was excluded using abdominal and trans fontanellar ultrasound examination. These proce dures were performed because in 50% of infants with tuberous sclerosis cardiac rhabdomyomas could be found.
In the cases presented here, one spontaneous regression of the tumor was observed. It is known that, after birth, rhabdomyoma cells lose their ability to divide and the natural history of these tumors is regression. 8 Complete resolution of more than 80% of the tumors may occur during early childhood. 6 Thus, the disease can be managed conservatively and monitored by serial echocardiograms and ECGs. Surgical treatment is recommended only in cases with untreatable arrhythmias or when the tumor severely obstructs blood flow. 7, 9 The association of cardiac tumors with atrial or ventricular arrhythmias must be well documented. Although complete resection of the tumors is often currative, some tumor types may grow to incorporate coronary vascular and conduction tissue, making complete resection impossible. 5 Tuberous sclerosis is an autosomaldominant hamarto matosis caused by mutations in the TSC1 and TSC2 genes encoding hamartin and tuberin, proteins responsible for cell proliferation and suppression of tumor growth factors. 10 It is associated with cardiac rhabdomyoma, childhood epilepsy, mental retardation and facial sebaceous adenomas. Multiple nodular lesions can be detected antepartum in birth weight of 4100 gm, with Apgar score of 7/9, transient tachypnea and required 114 hours of oxygen administration. It presented with neonatal hypoglycemia, which was corrected after carbohydrate intake. the forebrain, cerebellum and brainstem. In the heart, multiple small, lobu lated hyperechoic intramural masses may be observed by echocardiography. Clinical findings are not specific; tuberous sclerosis may present with murmur, cyanosis and arrhythmias. In the second case presented here, the association of multiple heart and brain formations were suggestive for the diagnosis of tuberous sclerosis. The evolution was unfavorable, the presence of severe hemodynamic disorders and biological status contra indicated the surgery and the patient died within 24 days after the birth.
Hemangiomas are benign primary cardiac tumors usually located in the ventricular septum and right atrium, histologically formed of blood vessels and rarely diagnosed during childhood. 11 Clinical manifestations can include angina and congestive heart failure; the echocardiographical appearance is hyperechoic. Evolution may be spontaneous regression or hemorrhages.
The diagnosis of hemangioma in case 5 was an incidental one. The newborn presented signs of respiratory distress at birth, but with no abnormalities in the clinical evaluation, blood gases, biological parameters and chest radiography, and the case was initially diagnosed as neonatal transient tachypnea. Echocardiography was performed because the pregnancy was considered as a high risk: the mother had poorly controlled and monitored diabetes and maternal diabetes represents a risk factor for cardiomyopathy and septal hypertrophy in newborns. In our case, the cavity dimensions and interventricular septum were normal for the weight. An immobile tumor of 4/8 mm was observed in the left atrium, in the proximity of the inferior vena cava (not obstructed). The case was interpreted as a possible hemangioma that due to absence of symptoms required only echocardiographic followup. Further development after discharge from maternity is unknown.
Papillary fibroelastoma is rarely diagnosed in children. It is the most common primary tumor of cardiac valves. 12 Clinical diagnosis can be difficult because embolic compli cations can mimic a variety of underlying diseases. Usually, the patients are asymptomatic, and diagnosis is often made in the context of embolic complications or in the context of an echocardiographic evaluation.
In the fourth case, that we presented, the diagnosis was established postnatally by echocardiography. Echo cardiography showed a mobile mass with a short pedicle. The infant had signs of respiratory distress and pulmonary hypertension, but the evolution was favorable, with normali zation of pressure in pulmonary circulation after treatment for pulmonary hypertension. The presence of the tricuspid valve tumor did not cause any hemodynamic issues or embolic complications, thus the medical attitude was regular monitoring of the patient.
It should be noted that early detection of cardiac tumors in fetuses may have a positive influence on the develop ment of the newborns. 13, 14 Early identification with fetal echo cardiography, associated with a complete postnatal eva luation, enables prompt postnatal treatment with life saving surgical resection of the mass when significant hemodynamic compromise or lifethreatening arrhythmias are present. 4, 15, 16 Genetic counseling is also required when we have a patient with cardiac tumors.
Tumors discovered incidentally may also be associated with other problems.
Surgical treatment after tumor detection may be useful to prevent embolic accidents and should be recommended for relieving clinical symptoms and removing of the mechanical obstruction of the blood flow. 8 The prognosis for cardiac tumors is benign, if the patients do not develop arrhythmia or outflow obstruction. In symptomatic cases with nonmyxomatous benign cardiac tumors, the prognosis is improved by surgical resection.
CoNCluSIoN
Cardiac tumors were rare in the studied population. Rhabdo myoma was the most frequently diagnosed and the cases had a good prognosis, the tumor being in regression.
Echocardiography was the investigation used for initial evaluation and may be the only diagnostic test needed to establish a diagnosis in selected patients.
